Two Field trials were carried out at Abo-Gensho village, Abshway District, Fayoum Governorate, Egypt, during two successive summer seasons of the 2017 and 2018 to study the effect of irrigation scheduling treatments and foliar spray with chitosan concentrates on growth parameters, yield and its components and some water relations of eggplants cv. black beauty. Three irrigation scheduling treatments based on coefficients of cumulative pan evaporation (CPE), i.e. I 1 : 1.1, I 2 :0.9 and I 3 : 0.7 CPE with three chitosan concentrates, i.e. C 1 : 0 (without addition, control), C 2 :40 and C 3 :80 mg l -1 with three replications in a strip plot design. Results indicated that the highest plant growth and eggplant fruits yield in both seasons were detected from a combination of irrigation at 1.1 CPE and spraying by 80 mg l -1 as chitosan concentrate. Further, it resulted in highest values for seasonal consumptive use (ET C ) as well as water use efficiency (WUE). On other hand, it could be recommended the combination of irrigation at 0.9 CPE and applying 80 mg l -1 as chitosan concentrate in Egypt for enhanced eggplant fruits yield especially under deficit irrigation water conditions.
INTRODUCTION
Eggplant (Solanum melongena L.) is a member of the Solanaceae family, which includes other main vegetable crops such as tomatoes, potatoes and capsicums. Eggplant is considered from the healthiest vegetables for its high content of bioactive compounds, minerals and vitamins in addition, a very low caloric value (Plazas et al., 2013; Docimo et al., 2016) .
Water deficit is one of the most limiting factors in agricultural sector in arid and semiarid regions. Water management strategies including rationalizing and saving irrigation water plays an important role to face the challenges of climate changes which make water resources became more restricted. Regarding the effect of irrigation, water stress led to reduction in the fruit characteristics like; height, diameter and weight which significantly reduce fresh yield (Kirnak et al., 2002; Chaves et al., 2003) . Eggplant is considered a moderate tolerant to water stress at 67% crop evapotranspiration (D'iaz-Perez et al., 2015; Abdalla et al., 2018) . Irrigation every short interval gave the highest averages of fresh yield and water use efficiency compared with irrigation at medium and long intervals (Amiri et al., 2012; Inalpulat et al., 2014; Abdalla et al., 2018) .
Chitosan is a natural polysaccharide, low toxic and inexpensive compound that is biodegradable and environmentally friendly with various applications in agriculture when the nitrogen contained in the Chitosan is dissolved, it penetrates gradually and remains in the soil for a long period of time and so does its effect, (Becker et al., 2000) . Chitosan also improves the plants growth and considered as a powerful http:/www.journals.zu.edu.eg/journalDisplay.aspx?Journalld=1&queryType=Master Plant Production Science *Corresponding author: Tel. : +201028587700 E-mail address: Ahmedelbawa250@yahoo.com
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pesticide substance when added to the carboxyl methyl cellulose or methyl cellulose, as its effectiveness can be far better than any other pesticide used for plant's disease resistance ( Fig. 1 ).
Chitosan is belongs to carbohydrate family which can be extracted from the marine crustacean lie; cramp, pinfish and shrimps or most insects from their exoskeletons (Sugiyama et al., 2001) . Chitosan contains two nitrogen atoms in its chemical formula (C 11 H 17 O 7 N 2 ), which considered one of the major elements of plant nutrition that dissolves and remains in the soil for a long time (Becker et al., 2000) .
In agricultural sector, chitosan uses as a fertilizer to development seeds, roots, shoots, leaves and fruits to increase plant production and protection from diseases (Gornik et al., 2008 The objective of this study was to investigate the effect of irrigation cheduling treatments, rates of chitosan concentration and their interaction on plant growth, yield and its components as well as both water use efficiency (WUE) and seasonal consumptive use (ET C ) of eggplant plant.
MATERIALS AND METHODS

Site and Soil Description
The current investigation was carried out during two successive summer seasons of 2017 and 2018 at Abo-Gensho Vellage, Ibshway District, Fayoum Governorate, Egypt (lat.30m + mean sea level, lat. 29.18 ο N; long. 30.51 ο E.). Some soil physical and chemical properties for the trial site determined according to Klute (1986) and Page et al. (1982) and presented in Table 1 . The soil moisture constants were gravimetrically determined on oven dry basis, as the technique of Water Requirements and Field Irrigation Dept., SWERI, Egypt for soil layers, down to 60.0 cm depth and recorded in Table, 2. The weather data were collected at the Etsa Agro Meteorological Station, Fayoum Governorate, and showed in Fig. 2 .
Experimental Details
Eggplant seedling cv. black beauty, were transplanted on 1 st and 3 rd of May in the first and second seasons, respectively, on both sides of each ridge (1.5 m width and 7 m long) at a space of 0.5 m between plants. Each plot consisted of two ridges having an area of 21.0 m 2 , a guard row was left between each two adjacent plots. Fertilization as recommended doses were done and control of weeds, insects and diseases was carried out when it was necessary.
Three irrigation scheduling treatments, i.e. irrigation at 1.1, 0.9 and 0.7 CPE (based on coefficient of cumulative pan evaporation, CPE) were integrated with three rates of chitosan concentrations, i.e. C 1 : 0 (without any additioncontrol), C 2 : 40 and C 3 : 80 (mg l -1 ) where applied twice as foliar spray) at vegetative growth (25 days after transplanting) and at flowering stage. The experiment included 9 treatmenrs which were the combinations between 3 irrigation treatments and 3 concentrations of chitosan. These treatments arranged in a strip plot design with three replications. To avoid the water lateral movement, allays 2 m were used to isolated between each two plots.
On determining the irrigation time, pan evaporation records was multiplied by the different adopted coefficient, and irrigation was practiced as the two sides of the following formula were the same.
Available soil moisture (mm) in the root zone = Pan evaporation record (mm) x assessed coefficient (Abdou et al., 2018) .
It is worthy to mention that irrigation scheduling treatments started from the 2 nd irrigation. Data of plant height (cm), stem diameter (cm), leaves No., fruit No, fruit length (cm), fruit diameter (cm), fruit weight (g) and fruit yield/fad., were recorded in 2017 and 2018 seasons. 
Fig. 2. Weather data for eggplant growing period during 2017 and 2018 seasons
The means of collected data were analyzed statistically using (MSTAT-C) and compared by LSD test at 5% level (Gomez and Gomez, 1984) .
Crop-Water Relations
Seasonal consumptive use (ET C )
For determining the crop water consumptive use (ET C ), soil samples were taken from each sub-plot, just before and after 48 hours from each irrigation, as well as at harvesting time and the ET C between each two successive irrigations was calculated according to the following equation (Israelsen and Hansen, 1962).
Cu (ET C ) = {(Q 2 -Q 1 ) / 100} × Bd ×D Where: Cu = crop water consumptive use (cm). Q 2 = soil moisture percentage 48 hours after irrigation.
Q 1 = soil moisture just before irrigation. Bd = soil bulk density (gm cm -3 ). D = soil layer depth ( 60 cm).
Water use efficiency (WUE)
The water use efficiency as kg fresh yield m -3 water consumed was calculated for different treatments (Vites, 1965):
WUE=fruit yield (kg -1 )/seasonal ET C (m 3 /fad -1 ).
RESULTS AND DISCUTION
Growth Parameters
Results in Table 3 reveal that, the growth parameters were affected significantly by irrigation scheduling treatments. The highest averages of plant height, stem diameter and leaf No. were detected from irrigation eggplant at 1.1 (CPE). Whereas, the lowest ones were resulted from irrigation at 0.7 (CPE). Increasing irrigation scheduling coefficient from 0.7 to 1.1 (CPE) significantly increased the plant height, stem diameter and leaf No./plant by 8.6, 19 and 20.8%, in 2017 and in 2018 seasons, respectively by 6.8, 20 and 20.5%, respectively. The present results may be referred to the effect of soil moisture stress (under 0.7 CPE treatment) which may be responsible for reducing photosynthesis, cell division, stem elongation, leaf area, leaf duration and dry matter accumulation in plant organs (Amiri et al., 2012; Abdalla et al., 2018) .
Regarding the foliar sprey of chitosan concentrates, results in the same Table 3 indicate that, applying chitosan concentrate of 80 mg l -1 gave the highest averages of the above mentioned growth parameters. Reducing the chitosan concentrate from 80 mg l -1 to 0.0 mg l -1 (without addition of the control treatment, significantly reduced plant height, stem diameter and leaf No in 2017 season by 3.2, 19.2 and 15.4%, respectively and by 3, 20 and 14.9%, respectively, in 2018 season. The positive effect of chitosan on plant growth may be attributed to an increment of the enzyme activities of nitrogen metabolism (glutamine created and protease as well as nitrate reduction), furthermore, increasing in photosynthesis process which encourage plant growth (Gornik et al., 2008; Mondal et al., 
2012; Ibrahiem and Mohsen, 2015)
Results in Table, 3 indicate that the mentioned growth parameters were significantly affected by interaction between irrigation scheduling regimes and applying chitosan concentrates. The highest averages of plant height, stem diameter and number of leaves/plant resulted from irrigation eggplants at 1.1 CPE with applying chitosan at the rate of 80 mg L -1 . On the other hand, the lowest averages were detected from irrigation at 0.7 CPE without addition of chitosan (control) in both seasons of study.
Yield and Yield Components
Results recorded in Table, 4 show that irrigation eggplants at 1.1 CPE gave the highest averages of fruit yield and yield components in both seasons. However, the lowest fruit yield (29.85 and 29.01 ton fad. 1 in the 1 st and 2 nd , seasons, respectively) and yield components were detected from irrigation eggplants at 0.7 CPE (long intervals). It is obviously that increasing irrigation scheduling rate from 0.9 to 1.1 CPE significantly increased fruit No., fruit length, fruit diameter, fruit weight and fruit yield in 2017 season by 5.7, 48.1, 11.9, 4 and 4.35%, respectively, and by 7.6, 49.7, 12.5, 3.7 and 4.4%, in 2018 season, respectively
Concerning the effect of applying chitosan concentrates, results in Table 4 indicate that, fruit yield and its components were significantly affected except fruit length which exhibited no significant differences between C 1 and C 2 in both seasons. Foliar spray with chitosan at the concentrate of 80 mg l -1 gave the highest averages of yield and yield components, whereas, the lowest averages were detected from without addition of chitosan (control). Increasing the rate of chitosan from 40 to 80 (mg l -1 ), significantly increased fruit No./plant, fruit length (cm), fruit diameter (cm), fruit weight (g) and fruit yield (ton fad. 1 ) by 11.5, 16.8, 11.9, 1.15 and 2.83% in 2017 season, respectively, and in 2018 season by 14, 18.5, 9.8, 1.25 and 1.78%, respectively. Table 4 reveal that, averages of yield and its components were significantly affected by the interaction between irrigation scheduling treatments and applying chitosan concentrates in both seasons. the highest averages of yield and yield components were observed from irrigation at 1.1 CPE and applying 80 mg l -1 as chitosan concentrate, whereas the lowest ones were obtained from irrigation eggplant at 0.7 CPE and without any addition of chitosan (control), these results were found to be true in both seasons (Mondal et al., 2012) .
Results in
Crop Water Relations
Seasonal consumptive use (ET C )
The results in Table 5 show that the values of seasonal consumptive use (ET C ) as a function of irrigation scheduling regime and foliar spray with chitosan concentrates were 75.23 and 73.98 cm al. (2014) .
Regarding the effect of applying chitosan concentrates, results in Table 5 show that, applying 80 mg l -1 as chitosan concentrate produced the highest values of ET C reached 77.26 and 76.04 cm in 2017 and 2018 seasons, respectively. The lowest ET C values e.g. 73.14 and 71.79 cm in the two successive seasons, respectively, were detected from without addition (control). Moreover, applying 40 mg l -1 rate decrease ET C by 2.55 and 2.56% in 2017 and 2018 seasons, respectively comparing with 80 mg l -1 . These results may be due to the important role of chitosan to reduce transpiration of plants through its effect in closure of stomata which makes chitosan works as transpiration reducer to sustain water in agriculture (Bitteli et al., 2001) . Table 5 show that, the highest averages of ET C values i.e. 79.93 and 78.61 cm, in the two successive seasons, respectively, were obtained from irrigation scheduling at 1.1 CPE with applying chitosan at the rate of 80 mg l -1 . On contrast, the lowest ones were detected from irrigation scheduling at 0.7 CPE without any addition of chitosan i.e. 69.82 and 68.53 cm in 2017 and 2018 seasons, respectively.
Results in
Water use efficiency (WUE)
Results in Table 6 show that, water use efficiency average values, as affected by the irrigation scheduling treatments and rates of applying chitosan were 4.15 and 4.13 kg fruits yield m -3 water consumed in 2017 and 2018 seasons, respectively. The highest water use efficiency values of 4.18 and 4.17 kg fruits yield m -3 water consumed in the first and second seasons, respectively, were obtained from irrigation at 1.1 CPE, whereas, the lowest ones, i.e. 4.10 and 4.08 kg fruits yield m -3 water consumed in the two successive seasons were obtained from irrigation at 0.7 CPE Concerning the applying chitosan concentrates, results in Table, 6 reveal that, the highest WUE averages i.e. 4.20 and 4.18 kg fruits yield m -3 water consumed in 2017 and 2018 seasons, respectively, were detected from applying 80 mg l -1 as chitosan concentrate. On the contrary, the lowest values were recorded in the control (without any addition) which comprised 4.10 and 4.09 kg fruits yield m -3 water consumed in the two successive seasons, respectively. Table 6 show that the highest WUE values, i.e. 4.24 and 4.23 kg fruits yield m -3 water consumed was obtained from irrigation at 1.1 CPE with applying 80 mg l -1 as chitosan concentrate in 2017 and 2018 season, whereas, the lowest ones i.e. 4.06 and 4.04 kg fruits yield m -3 water consumed obtained under irrigation eggplant plants at 0.7 CPE without any addition of chitosan (control) in 2017 and 2018 seasons, respectively. 
Results in
Conclusion
In this investigation, the combined effect of three irrigation scheduling treatments and applying three chitosan concentrates on growth parameters, yield and its components and some water relations of eggplant (cv. Black Beauty F 1 hybrid) were studied, and the results in the 2017 and 2018 seasons, show that:
• Irrigation at 1.1 CPE with applying 80 mg l -1 gave the highest averages of plant height, stem diameter, leaf No./plant, fruit No./plant, fruit length, fruit diameter, fruit weight and fruit yield.
• Irrigation eggplant at 1.1 CPE increased fruits yield by 4.35 and 4.4%, in the two successive seasons, respectively compared to those obtained by irrigation at 0.7 CPE.
• Applying 80 mg l -1 as chitosan concentrate increased the fruits yield by 2.83 and 1.78%, in 2017 and 2018 seasons, respectively.
• The maximum values of seasonal consumptive use (ET C ) having 79.93 and 78.61 cm in 2017 and 2018 seasons, respectively, when eggplant was irrigated at 1.1 CPE and applying chitosan concentrate of 80 mg l -1 .
• The highest averages of WUE which amounted to 4.24 and 4.23 kg fruits m -3 water consumed in the two successive seasons, respectively, were obtained from irrigated at 1.1 CPE with applying 80 mg L -1 as chitosan concentrate .
• Based on this investigation, it is worthy to advise the farmers under the trial conditions to irrigate eggplants at 0.9 CPE (irrigation about every 18-21 days) with applying chitosan at the concentrate of 80 mg l -1 to achieve higher fruits yield with high WUE of eggplant crop to save water under water deficit conditions as the yield decreased by 4.5 to 4.6% (about 1.43 ton fad. 1 ). Whereas, the irrigation water can be saved by 3 to 3.2% (236 to 252 m 3 fad. 1 ).
